###### Strengths and limitations of this study

-   The first systematic review of worldwide obesity prevalence among firefighters.

-   A comprehensive synthesis of worldwide obesity prevalence, including a narrative comparison with the country of origin of the study using a standardised risk of bias tool.

-   Study selection and risk of bias assessment will be performed independently by two researchers, which will ensure that all relevant studies are included without personal biases.

-   A potential limitation of this review may be a small number of studies available for countries other than the USA.

Introduction {#s1}
============

Firefighters perform critical public safety work. Considering all the different occupational hazards firefighters face, it is surprising to many that the leading cause of duty-related death among US firefighters is sudden cardiac death (SCD). In 2017, SCD accounted for almost half of on-duty deaths in the USA, and SCD has been responsible for about 43% of on-duty fatalities for the last 10 years.[@R1] Furthermore, for every fatal on-duty cardiac event, there are an estimated 20 nonfatal on-duty cardiovascular events.[@R2] Theoretical models have been proposed in order to conceptualise how firefighting interacts with individual risk factors like obesity to increase the risk of SCD.[@R3]

Clearly, the underlying health of firefighters is one of the important aspects associated with cardiovascular death in the Fire Service. Also, individual risk factors are critical factors in determining the risk of SCD. Research has consistently found a high prevalence of cardiovascular disease risk factors among firefighters. Obesity increases the odds of a fatal on-duty coronary heart disease event by 1.5--6.6 times[@R7] and is highly associated with cardiomegaly in firefighters.[@R8] Studies report obesity prevalence in the USA ranging from 22%[@R9] to 60%[@R10] depending on the region, age and type of firefighter (career or volunteer). Outside of the USA, lower estimates of obesity have been reported. In Brazil, obesity rates of less than 15% have been reported for military-based firefighters.[@R11]

Obesity may interfere with job performance and increase the risk of injury during firefighting activity.[@R13] Obesity also has many deleterious effects on health indices, including reduced arterial function,[@R16] glucose intolerance, dyslipidemia, type 2 diabetes, hypertension, osteoarthritis,[@R18] low-cardiorespiratory fitness,[@R19] pathological remodelling of the heart,[@R20] endocrine disorders[@R21] and is associated with higher all-cause mortality.[@R23]

Several studies have reported that US firefighter recruits begin their career with an elevated body mass index (BMI).[@R24] Few studies report the actual obesity prevalence within firefighter recruits. One study performed in Tucson, Arizona reported an obesity prevalence of 15.6% in firefighter recruits.[@R27] A separate study from Massachusetts that included both firefighter and ambulance personnel recruits found a prevalence of 33%.[@R28] Research has also shown that a significant weight gain occurs during a firefighter's career.[@R28] A recent case--control study which retrospectively examined all available autopsy records of US firefighters between 1999 and 2014 has shown obesity prevalence estimates as high as 59.2% among firefighters who died due to cardiac issues (cardiac cases) and 47.7% among noncardiac trauma controls.[@R15]

Firefighters' work schedule (12-hour to 24-hour work shifts) and lower availability of healthy food during night shifts may be an important contribution to weight gain[@R30] as shift-working by itself is considered an independent risk factor for obesity.[@R31] Some US cohort studies report firefighters' annual weight gain ranging from 0.5[@R34] to 1.5 kg.[@R35] Ide[@R29] reports similar values for Scottish firefighters, with a mean gain of 1.5 kg/year. This could represent a gain of 5--15 kg of weight in 10 years of service. Data from the Health Professionals Follow-Up Study show a significant weight gain of 0.2 kg every year,[@R36] a considerably lower value compared with those in firefighters. These facts raise an interesting question, specifically, do firefighters have a high obesity prevalence because of the population of origin, that is, those who become firefighters (US population) have a large proportion of men with obesity, or does firefighting lead to obesity, or is it associated with the burden of their type of service.

Poston *et al* [@R37] analysed the obesity prevalence in 677 firefighters and compared them to the national obesity prevalence (US adults). While prevalence was similar, in a separate analysis, volunteer firefighters seemed to possess a higher prevalence of obesity compared with US adults and career firefighters. Other studies show similarities between the firefighters and their original population.[@R19] In contrast, German firefighters seem to be more fit than sedentary clerks and police officers from the same region.[@R39]

There is an important need to understand the obesity prevalence in the fire service due to its relation to health and job performance. Understanding if this is a phenomenon isolated to US firefighters or occurring globally. It is also important to understand potential factors that could be associated with such phenomenon, from ageing to job status. An increased understanding of obesity would be important for fire service leaders and policymakers in order to create effective strategies to decrease obesity and lead to better health and job performance in the fire service. Thus, this study aims to (1) report the obesity prevalence in the fire service (2) to describe how it varies based on country and region, job status, type of firefighter and gender.

Objectives {#s1-1}
----------

The present study intends to address the following questions:

-   What is the prevalence of obesity among firefighters around the world?

-   Is the obesity prevalence among firefighters different from their own original population?

-   Does the job status affect firefighters' obesity prevalence (volunteer, career and military)?

-   Does the type of firefighter affect obesity prevalence (structural, wildland and industrial)?

-   Does age have an important influence on firefighters prevalence?

-   Has firefighters' obesity prevalence changed over the years, that is, do older studies report an obesity prevalence different from more recent ones?

Methods and analysis {#s2}
====================

The systematic review process will start once the protocol has been through full external peer review at the BMJ Open (estimated date: 12 January 2020).

Protocol and registration {#s2-1}
-------------------------

The methods for this systematic review have been developed according to recommendations from the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)[@R40] and PRISMA Protocols (PRISMA-P)[@R41] statements. This protocol has been registered in the International Prospective Register of Systematic Reviews.

Search strategy {#s2-2}
---------------

The following electronic databases will be searched:

-   PubMed,

-   Medline,

-   Web of Science,

-   Academic Search Premier (EBSCO),

-   Sportdiscus (EBSCO),

-   CINAHL (EBSCO),

-   SciTech Premium Collection (ProQuest),

-   Sports Medicine & Education Index (ProQuest),

-   Research Library (ProQuest).

-   Scopus.

We will search for studies reporting data on firefighters' BMI, body fat percentage (BF%) and obesity prevalence using the following search term:

-   ((Firefighter OR Firefighting OR Firefighters OR Firefighter's OR Firefighters') AND (obesity OR overweight OR "excess weight" OR adiposity OR waist OR "body mass index" OR bmi OR "body fat")).

There will be no time limit, that is, studies may have been published in any year. Searches will be limited to peer-reviewed journals. Grey literature will not be included.

Eligibility criteria {#s2-3}
--------------------

In order to be included in this study, studies must report data from firefighters as a unique group. Data from other professionals (eg, police officers) should constitute a different, separate group. Studies may have a cross-sectional or longitudinal design. If a study has multiple time points in the same cohort, we will use the most recent time point for the prevalence report but will use other time points to address our last objective. Although we are not interested in interventions, intervention studies will also be included, and pre-intervention data will be used instead of post-intervention. Data from men and women will be analysed separately due to a sex-related difference in obesity prevalence.[@R42] Although the search will be performed in English, we will include studies written in any language; which will be translated when necessary to ensure eligibility, and for data extraction when eligibility is confirmed. In cases where it is impossible to translate the studies, it will be noted, and we will report the number of studies in this situation.

Prevalence data must be calculated from BMI, BF% or waist circumference. BMI prevalence data that originate from self-reported height and weight will also be included since they are reasonably accurate reflections of their measured values.[@R44] The method employed to measure BF% will also be recorded to account for possible differences among methods. Although other variables may be used to define obesity, for example, waist-to-height ratio; these indices are probably not often used in firefighter studies; also, their agreement with traditional indices is unknown and may overestimate obesity in the fire service.[@R45] Thus, the authors decided to include only obesity prevalence data that used BMI, %BF and waist circumference. To increase objectivity, reviewers will use a simple form to assess eligibility ([online supplementary file 1](#SP1){ref-type="supplementary-material"}).
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Data extraction {#s2-4}
---------------

One reviewer will perform the literature search; results will be saved in a reference manager; duplicates will be eliminated using the provided software tools. Remaining files will be shared with the second reviewer. The two reviewers will independently screen titles and abstracts for eligibility. Full texts will then be obtained for those that meet inclusion criteria or are uncertain. The full text will then be screened, and reviewers will independently decide whether the paper meets all requirements for inclusion in the study. Reviewers will record the reasons for excluding studies. At the end of the independent assessment, results from the two reviewers will be shared, and the agreement between the two reviewers will be assessed using kappa statistics. If discrepancies occur, they will be discussed between the two reviewers. If they cannot reach consensus, one of the senior authors (LGGP or DS) will resolve the issue. Investigators will not be blind to the journal titles or institutions or study authors.

In order to avoid double-counting, when there are multiple studies from the same cohort, the study with the largest sample size will be used. If the sample size does not vary, the most recent paper will be used. We will also look for similarities (sample size, firefighter headquarter and mean age) between studies of the same author or group to ensure they are not the same sample.

Both reviewers will independently use a standardised excel spreadsheet to extract and store data of interest ([table 1](#T1){ref-type="table"}) from the studies chosen to be included in the review. An agreement analysis will be performed between reviewers for each data of interest using kappa statistics to evaluate if both reviewers have the same data present in the spreadsheet. Both spreadsheets will be united in one excel file, and data of interest will be compared between spreadsheets using an if function, eg =IF(A1=B1; '0'; '1'). Reviewers will discuss differences until spreadsheets contain the same information. In the remote possibility of any difficulties in this process, one of the senior authors (LGGP or DS) will be contacted in order to solve the issue

###### 

Data of interest that will be sought from eligible studies

  -------------------------------- --------------------------------------------------------------------------------------------------------------------------------------
  Author details                   Name of first author, journal where the article was published, language and publication year.
  Study characteristics            Study design, sampling method, data collection period and time of data collection (eg, a 2016 study may have data from 2009).
  Participants' characteristics    Age, BMI, BF% and waist circumference.
  Firefighters' characteristics    Job status (volunteer, career or military), years of service and type of firefighter (eg, industrial, hazard material and wildland).
  Outcomes                         Obesity and overweight prevalence.
  Methods used to define obesity   BMI, BF% or waist circumference.
  -------------------------------- --------------------------------------------------------------------------------------------------------------------------------------

BF%, body fat percentage; BMI, body mass index.

Authors of included or screened articles may be contacted to obtain additional information, that is, in case important information is missing from the manuscript, but authors are likely to have it. One reviewer will send an e-mail to the corresponding author's e-mail address, based on information in the article; a maximum of two attempts will be made, each separated by 1 week.

Data of interest are presented in [table 1](#T1){ref-type="table"}.

Quality assessment {#s2-5}
------------------

Quality assessments will be performed independently by both reviewers. We will focus our analysis on the risk of bias since manuscript 'quality' may be an ambiguous term and different interpretations of it can significantly impact reviews and meta-analysis results.[@R40]

We will perform a risk of bias assessment using the Joanna Briggs Institute's critical appraisal checklist for studies reporting prevalence data as suggested by Munn *et al*,[@R50] which contains nine simple questions ([online supplementary file 2](#SP2){ref-type="supplementary-material"}) that evaluate risk of bias in topics such as sampling frame, sample size, data analysis and validity of the methods and response rate that is, the proportion of individuals who agreed to participate from all who were invited.
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In order to improve agreement, objectivity and reproducibility of the reviewers, we will perform training with the reviewers before the study is initiated. In case of disagreement, the two reviewers will discuss their opinions. If they are not able to reach a consensus, the senior authors (LGGP or DLS) will resolve this difference.

Data analysis {#s2-6}
-------------

Data will be narratively synthesised. Results will be reported according to the PRISMA statement.[@R40] Evidence tables will be generated to descriptively summarise the included studies and results according to our objectives. We will compare obesity prevalence based on countries and regions, job status (volunteer, career or military), type of firefighter (eg, industrial, structural material and wildland) and gender. Confidence intervals for the prevalence will be computed using the data extracted from the articles.[@R51] We will also evaluate how frequently a specific prevalence value is reported by studies in a worldwide and country analysis, for example, in the USA, 50% of the studies reported an obesity prevalence greater than 33%. Depending on the heterogeneity of risk of bias in the studies, a secondary comparison will be made between those with lower and higher risk.

In order to compare firefighter data with the general population, we will use the WHO's age-standardised obesity prevalence that is available for almost all countries. In case a study already provides an age-standardised obesity prevalence of its country of origin,[@R38] these data will have priority over the WHO data. When possible, we will compare firefighter versus general population-based obesity using a table or figure.

Since obesity is a multidimensional issue, its prevalence may vary significantly from region to region, particularly in large countries. Thus, we will attempt to perform a comparison between the general adult population from the region or state from which study participants belong. US state data will be retrieved from the Centers for Disease Control and Prevention database (Behavioral Risk Factor Surveillance System). Brazil's regional comparison will be performed using information from the 'Vigilância de Doenças Crônicas por Inquérito Telefônico' database. For state or regional data from other countries, researchers will attempt to contact authors via e-mail to request information if such data are available and could be shared by the authors; a maximum of two attempts will be performed, each one separated by 1 week. In case state or regional data are already available in a manuscript from the same country, it will be used for comparison.

We will adopt a conservative approach to determine if prevalences are significantly different between countries or when compared with national or regional data. Specifically, a 95% CI will be calculated, and data will be considered different when confidence intervals do not overlap.

Patient and public involvement {#s2-7}
------------------------------

Patient and public were not involved directly in this study.

Ethics and dissemination {#s2-8}
------------------------

The systematic review does not require ethics clearance since published studies with non-identifiable data will be used. The results of the systematic review will be disseminated via publication in a peer-reviewed journal as well as through conference presentations.
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======================
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